Abstract
Introduction
The process of transition to knowledge-based economy (KBE) appears in the increase in competitive advantage of countries and regions specializing in * Ph. D., University of Łódź manufacturing high-tech products. Research and development (R&D), innovation activity and the so-called human capital become decisive factors for economic development. Consequently the target of research run in highly developed countries is searching for sources of innovation and methods of building innovation potential which become the basis of creating knowledgebased economy (Miedziński 2001, p. 210) .
The essential impact of knowledge and innovation on economic development is confirmed by modern economics. Nevertheless we owe the increase of interest of economic theories in innovation process to J. A. Schumpeter who as the first of the great economists in the first half of the twentieth century created modern bases of innovation theories and recognized them as the key factor of economic development (Schumpeter 1912) . Then in the second half of that century two approaches emphasizing the role of knowledge and innovation in economic growth were developed, namely the neoclassical approach basing on the Solow model (Solow 1957) and the endogenous one within its framework should be mentioned among others: J. Schmookler`s concept of demand sources of innovation (Scmookler 1965) , F. Machlup`s concept of knowledge production (Machlup 1962) , models of P. M. Romer (Romer 1993 (Nordhaus 1976) , and also analyses of G. Grossman and E. Helpman (Grossman, Helpman 1990 ,1991 , D. T. Coe (Coe 1995) , M. Porter (Porter 1990) , J. Fagerberg (Fagerberg 1987) and D. Jorgenson (Jorgenson 2001; Jorgenson, Ho, Stiroh 2003) . These theories confirm that technological progress as well as accumulation of scientific and technological knowledge and human capital affect development of modern economies in a bigger degree than traditional production factors.
The objective of the article is an analysis of the impact of variables describing knowledge -based economy on basic macroeconomic categories (the share of total investments in GDP and the employment rate) in the European Union`s countries (dividing them into the EU-15 and the new EU` member states) in the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] , conducted by means of panel models.
Methodology of research
Panel models are constructed on the basis of panels, that is cross-time samples covering data for the same objects in different time units. The construction of classical models based on this type of samples is connected with the risk of heteroskedasticity appearance, meaning that the random component variance is not constant which results in the fact that structural parameter estimator (estimated by means of the least squares method) is not effective. This problem is re-absorbed in panel regression. The application of panel approach also facilitates taking into consideration specifity of each state and assessing differences between countries -by means of the so -called estimation of constant effects in panel equations (Hsiao 1986 ).
Panel models can take the following form: • models with decomposition of the free term (FEM -Fixed Effects Model) or
• models with decomposition of the random component (REM -Random Effect Model), when the decomposition can take into account only one factor (one-factor models) or two factors simultaneously (two -factor models).
The models FEM and REM can be recorded in the following way:
where µ i -free term, β -structural parameter expressing in the impact of explanatory variable X, x it -realization of the explanatory variable for i-of this object in t-of this period, e it -remainders fulfilling the classical assumption: E(ε it ) = 0 i var(ε it ) = 2 e S . In the FEM model µ i is decomposed into free terms (constant) for particular groups (in this case countries) separately. The model has then the following form (Greene 2003, p. 285) :
where α i -specific free terms, when the parameter α i corresponds with zero-one variable, ta king value 1 for i-of this object. The model obtained in this way is defined as LSDV -Least Squares Dummy Variables Model, and its parameters can be estimated by classical methods (Greene 2003, p. 285) . In the REM model µ i expresses specific random components. This model can be recorded in the following way (Greene 2008, p. 290) :
where E(u i ) = 0, var(u i ) = (Hausman 1978) .
For these considerations both decomposition models with free term and decomposition with random component -one-and two-factor models were constructed. Verification of the designed equations applying the above discussed tests showed significance of group effects both in relation to the EU 24 states (in one-factor models) as well as years (in two-factor models), however, being guided by the essential premises (the objective of the research was above all proving differences for individual EU` member states), as well as statistical ones (bigger number of freedom levels), concluding was limited to one-factor models. Basing on the results of Hausman test it was confined to the models with decomposition of free term.
To estimate parameters of the models the software Limdep 7.0 was applied.
Analysis of cause-result relations between knowledge-based economy variables and selected macroeconomic categories in the European Union's countries
In this chapter are presented findings of analysis directed at defining general for the 24 European Union states tendencies towards changes in basic macroeconomic dimensions in the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] 1 . To meet the target was made to construct panel regression function in which as explanatory variables were accepted particular knowledge-based economy characteristics representing its three spheres: (A) Science and technology, (B) Education and trainings, (C) Information society 2 . These spheres can be considered as the most essential ones from the point of view of knowledge-based economy description. Similar spheres were separated in government documents, among others "Directions for 1 Due to incomplete data the analysis was limited to the 24 European Union`s countries; Cyprus, Malta and Luxemburg were excluded from it. These countries are so small that their results can be recognized as weakly representative of the whole European Union.
2 It should be emphasized that the research applied all the variables published in Eurostat, belonging to the mentioned knowledge-based economy sphere, values of which were available for the period 2000-2007. the increasing innovativeness of the economy for the period 2007-2013", in which the following pillars of knowledge-based economy were separated: (a) High tech industries, (b) Science and research resources, (c) Education, (d) Knowledge intensive business services and (e) Information society services 3 . It turn as explained variables in the research the following macroeconomic categories were recognized:
• the share of total investments in GDP,
• the employment rate.
Accepting the years 2000 as the beginning of the analysed period is connected with publication of the Lisbon Strategy in which as the main direction of the EU's development was recognized making by 2010 the Union economy the most competitive in the world knowledge-based economy characterized by bigger than hitherto degree of social cohesion and giving more jobs. It can be, then, stated that accepting the Lisbon strategy by the Union countries accelerated the process of building knowledge-based economies 4 . Referring to finishing the period of analysis in 2007 it should be emphasized that published by Eurostat statistics do not cover later years, moreover at the moment of conducting the analysis some of time series finished in 2006. Consequently for the lacking variables their approximate values in 2007 were found on the basis of trend function. It was possible thanks to long enough time series (in the assessment of these function were included data since 1996). The analysis was conducted in two stages. In the first one the estimate for the whole group of 24 EU countries (models A) was obtained. It was conducive to separating general tendencies of changes for the European Union. As analyzing correlations between the studied phenomena on the level of individual countries quite clear differences were noted, in the second stage of the analysis models were constructed analogous to the first stage, but this time separately for the new member states (models B) and the EU 15 countries (models C). In this research the sample covered the data for the period 2000-2007 respectively for 24 (models A), 14 (models B) and 10 (models C) countries of the European Union. All the models were examined by means of LRT and F test which -for each of the discussed here equationsconfirmed significance of the group effects and thus justification of the free terms decomposition for particular countries. Having in mind the accepted framework of the publication these results are not included in the later discussed tables. The presentation of the findings was limited to basic characteristics of the model, which -considering the analysis objective that is only defining causeresult correlations between knowledge-based economy characteristics and selected macroeconomic categories -seems well-founded.
In table 1 (and the remaining ones) highlighted in beige are these variables whose influence on the examined indicator (e.g. the share of total investments in GDP) is positive and statistically significant, while highlighted in blue are the variables whose impact on macroeconomic category is negative and statistically significant.
The first macroeconomic category examined in the model are investments made in economy. The following equations for the share of total investments in GDP (as percentage of GDP) (tables 1, 2). On the basis of the outcomes shown in table 1 it can be stated that the estimated model (1) is conducive to explaining the share of investments in GDP in somewhat less than 80%, while model (2) is almost 60%. On the level of the 24 EU countries a significant, positive impact on the level of investments is made especially by R&D expenditures (the share of total budget expenditures of GDP and expenditures per capita -not including expenditures of industry (of enterprises). This impact is the following:
• the increase in R&D budget expenditures in GDP of 1 percentage point is conducive to the increase in the share of investments of almost 9.5 percentage points, • the increase in the share of R&D expenditures in GDP of 1 percentage point results in the increase of investments share in GDP by more than 4 percentage points, • the increase in total R&D expenditures per capita of € 1 results in increasing the share of investments of 0,008 percentage point.
A similar situation occurs in case of patent applications filed by EPO 5 (per million population), and also in labour force resources in science and technology. Also variables characterizing the sphere of "Education and trainings" in the majority show a positive impact on the incurred investment expendituresthese are median of age, the number of years spent on education the share of four-and eighteen-year olds in education and the number of students per 1000 population. It does not concern, however, contrary to expectations -the number of science and engineering as well as mathematics graduates. In case of these variables the impact on investments is not significant statistically, it may result from the inappropriate use of these graduates' potential in economy or from their qualifications incoherent with needs of economy. A positive (and statistically significant) impact on the share of investments in GDP is made by the number of mobile phones. Whereas the impact of public expenditures on education turns out to be negative. In spite of comparable to the EU 15 share of these expenditures in GDP in the absolute approach (counted per 1 student) they are decisively lower in the new member countries. For example in Bulgaria the average expenditures per student accounted only for € 2139, in Lithuania and Slovakia they did not exceed three thousand euros, while in Austria and the United Kingdom -about 8 thousand euros and in Denmark even about 14 thousand 6 . Moreover, the increase rate of these expenditures in the group of new members of the EU was lower than in the EU-15.
It is worth emphasizing that in case of investments the influence of knowledge-based economy variables is significant -in relation to most characteristics -in the group of new members of the EU (table 2) . A positive impact on the level of investments is exerted both by expenditures on research and development activity (similarly earlier -it does not concern only expenditures financed by industry), human resources in science and technology as well as patent activity (the number of application filed by the EPO), and most characteristics from the sphere of "Education and trainings".
For the EU-15 the correlation between a few characteristics of knowledge-based economy from the sphere of "Science and technology" (R&D expenditures financed by industry (enterprises), the share of high-tech exports in total export or the share of employment in intensive knowledge services in total employment) and investments is negative. However, it should be noticed that knowledge-based economy development -especially in the sphere of research and development (also financed by the sector of enterprises) is in the EU-15 far more advanced and which is connected with it may be weakly reflected in changes of macroeconomic category. There is also a negative correlation between investments and science & engineering, mathematic graduates, the number of foreign languages and mobile phones. Source: own calculations based on Eurostat data.
In table 3 there are presented structural parameters and stochastic structures of models describing the impact of particular knowledge-based economy characteristics on the employment rate estimated on the basis of the sample for the 24 EU countries whereas in table 4 are shown the parameters of the models describing the employment rate according to the selected knowledgebased economy characteristics of the new member countries and the EU-15. It is essential that all of the estimated equations in the model (3) are characterized by high degree of explanation of the employment rate variabilitydetermination coefficients are of the value above 0,9, which means that the application of panel regression was conducive to explaining more than 90% of the phenomenon variability. Model (4) is characterized by much lower adjustment than model (3) and is conducive to explaining the employment rate in somewhat less than 80%.
On the level of the EU 24 a profitable impact (statistically significant) on the employment rate is exerted by R%D expenditures (the share of R&D expenditures in GDP, the share of R&D budget expenditures in GDP, R&D expenditures per capita as well as the share of R&D expenditures financed by industry), human resources in science and technology, also employment in intensive knowledge services and patent activity (the number of patent applications filed by EPO). As it was expected the employment rate is an increasing function of educational system development -the majority of variables from the "Education and training" sphere show a positive (statistically significant) correlation with the employment rate, the employment rate increases considerably with growing number of mobile phones. A negative correlation occurs between the employment rate and high-tech export (its share in total export), the number of European high-tech patents, public expenditures on education and broadband access.
On the basis of outcomes shown in table 4, averaging for all the EU (after excluding Malta, Cyprus and Luxemburg) -it can be stated that discussed regularities are especially clear in the new member countries, much weaker regularities occur in the EU-15. It is worth emphasizing that R&D budget expenditures considerably affect on the employment rate only in the EU-15, while R&D expenditures financed by industry in both groups of the EU`s countries exert an inverse result -in the EU-15 they determine a fall, while in the new member countries -a rise of the employment rate. It is probably connected with more advanced technological solutions introduced in more developed countries of the EU, which causes redundancies caused by the increase in productivity -human labour is replaced by machines more often than in new member countries where outdated stock of machines is exchanged.
The countries of Central and East Europe, being members of the EU, are making up for the social distance in relation to the EU-15, they intensify their participation in the educational system (of school and non-school education). Profitable transformations in this sphere are reflected in the improvement of labour market condition expressed by the employment rate affected by characteristics describing the educational system -most variables from the "Education and trainings" sphere have a positive (and statistically significant) effect on the level of the employment rate. By comparison, in the EU-15 an essential impact on the employment rate was observed only in case of the variable expressing the period of remaining in the educational system (the number of years spent on learning). Access to mobile telephony turned out a profitable determinant of the employment rate (only for new member countries). There is a negative connection between the employment rate and public expenditures on education (similarly in the case of connection with investments), participation in education and Internet access. Causes of the negative connection between the employment rate and participation in education can be detected in the inappropriate educational system of students whose competence and qualifications are useful and used in a small degree in economy 7 . The negative impact of network access on the researched macroeconomic category may result from low and often decreasing values of this characteristic.
Conclusion
Summing up the considerations of correlations occurring between characteristics describing knowledge-based economy (investments and the employment rate) in the European Union's states in the period 2000-2007 the following conclusions can be drawn:
• Development of knowledge-based economies affects significantly economic development of the European Union's states; • This impact is especially strong in case of new member countries characterized by a lower level of socio-economic development in comparison to the EU-15; • In the considered 24 European Union's states a positive impact can be noticed on macroeconomic categories of most characteristics describing educational system in these countries as well as expenditures on research and development activity (that is the share of total R&D expenditures in GDP, including budget expenditures); • In the group of new EU`s members the analysed macroeconomic categories are positively affected by the majority of variables characterizing the educational system, patent activity as well as access to mobile phones and human resources in science and technology;
• As it was revealed by the analysis in this group of countries a few characteristic describing knowledge-based economy affect negatively macroeconomic categories, mainly the employment rate. It concerns especially expenditures on education, participation in education and broadband access. The negative impact of public expenditures on education on the macroeconomic dimensions in the new member states can be explained by their low level in absolute terms, as well as intending for spheres, development of which does not contribute to the increasing of economy innovation and does not cause the increase of the examined macro dimensions. The negative correlation between participation in education and the employment rate may result from an inappropriate system of students' education whose qualification do not suit the needs of economy. Whereas the negative impact of the Internet access on the analysed macroeconomic category may be a result of low and decreasing values of this indicator in the considered countries; • The cause of such unprofitable correlations of this type in the group of the new EU member countries is in the lack of coherent innovation strategy, based on strengthening of "knowledge triangle" that should consist of scientific research, education and innovations as well in insufficient R&D expenditures financed from the budget and from enterprises' resources 8 .
The conducted analysis proves that most knowledge-based economy characteristics show a positive impact on the selected macroeconomic categories in the European Union's states. Then it can be stated that the findings of the analysis confirm enforcing of Lisbon Strategy assumptions according to which the process of education and innovation of economies based on broadly understood scientific research, especially in modern fields of science, are main factors of development and ensure permanent economic growth.
